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SEMICONDUCTOR DEVICE SUBSTRATE
WITH EMBEDDED STRESS REGION, AND
RELATED FABRICATION METHODS

TECHNICAL FIELD

Embodiments of the subject matter described herein relate
generally to semiconductor device substrates and related
semiconductor device fabrication processes. More particu-
larly, embodiments of the subject matter relate to the fabrica-
tion and use of a semiconductor device substrate having an
embedded stress region 1n a layer of semiconductor material.

BACKGROUND

The majority of present day integrated circuits (ICs) are
implemented by using a plurality of interconnected field
clfect transistors (FETs), which may be realized as metal
oxide semiconductor field efiect transistors (MOSFETSs or
MOS ftransistors). A MOS transistor may be realized as a
p-type device (1.e., a PMOS transistor) or an n-type device
(1.e., an NMOS ftransistor). Moreover, a semiconductor
device can include both PMOS and NMOS transistors, and
such a device 1s commonly referred to as a complementary
MOS or CMOS device. A MOS transistor includes a gate
clectrode as a control electrode that 1s formed over a semi-
conductor substrate, and spaced-apart source and drain
regions formed within the semiconductor substrate and
between which a current can flow. The source and drain
regions are typically accessed via respective conductive con-
tacts formed on the source and drain regions. Bias voltages
applied to the gate electrode, the source contact, and the drain
contact control the flow of current through a channel 1n the
semiconductor substrate between the source and drain
regions beneath the gate electrode. Conductive metal inter-
connects (plugs) formed 1n an msulating layer are typically
used to deliver bias voltages to the gate, source, and drain
contacts.

Strain engineering 1s often used to enhance the perfor-
mance ol semiconductor transistor devices. For example,
embedded strain elements (1.e., doped or undoped semicon-
ductor material that laterally stresses the channel region) can
be used to improve the mobility of carriers in the channel
region. Other approaches, such as the stress memory tech-
nique (SMT) and the use of tensile plasma enhanced nitride
(TPEN) as a stress liner can be used to impart stress to a
semiconductor transistor device. These approaches, however,
indirectly apply stress to the channel region. Consequently,
these techniques result 1n somewhat 1nefficient coupling of
stress to the channel region.

Accordingly, 1t 1s desirable to efficiently apply stress to the
channel region of a semiconductor transistor device 1n a way
that does not require complex process steps. In addition, 1t 1s
desirable to have a semiconductor device substrate that
includes semiconductor material with a stressed region suit-
able for fabricating the channel region of a semiconductor
transistor device. Furthermore, other desirable features and
characteristics will become apparent from the subsequent
detailed description and the appended claims, taken in con-

junction with the accompanying drawings and the foregoing,
technical field and background.

BRIEF SUMMARY

A method of fabricating a semiconductor device substrate
1s provided. The method forms a channel cavity in a layer of
first semiconductor material having a first lattice constant.
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The method continues by filling the channel cavity with a
second semiconductor material having a second lattice con-
stant that 1s different than the first lattice constant. The
method may involve other steps to obtain an intermediate-
state substrate having an upper surface, the upper surface
corresponding to an exposed portion of the first semiconduc-
tor material and an exposed portion of the second semicon-
ductor maternial. The method continues by epitaxially grow-
ing a third semiconductor material overlying the upper
surface of the intermediate-state substrate. The epitaxial
growth of the third semiconductor material forms a stressed
zone overlying the second semiconductor material, the
stressed zone having a third lattice constant that 1s different
than the first lattice constant.

Also provided 1s a semiconductor device substrate having:
a layer of first semiconductor material having a first lattice
constant; a region of second semiconductor material located
in the layer of first semiconductor material, the second semi-
conductor material having a second lattice constant that 1s
different than the first lattice constant; and a layer of epitaxi-
ally grown third semiconductor material overlying the layer
of first semiconductor material and overlying the region of
second semiconductor material. The layer of epitaxially
grown third semiconductor material has a stressed zone over-
lying the region of second semiconductor material. The
stressed zone has a third lattice constant that 1s different than
the first lattice constant.

A method of fabricating a semiconductor device structure
1s also provided. The method involves the fabrication of a
semiconductor device substrate comprising a layer of first
semiconductor material, a region of second semiconductor
material located 1n the layer of first semiconductor material, a
stressed zone of epitaxially grown third semiconductor mate-
rial overlying the region of second semiconductor material,
and nominal zones of the epitaxially grown third semicon-
ductor material overlying the first semiconductor material.
The method continues by forming a semiconductor transistor
device structure on the semiconductor device substrate. The
semiconductor transistor device structure includes a gate
structure aligned with the stressed zone of epitaxially grown
third semiconductor material, such that the stressed zone of
epitaxially grown third semiconductor material corresponds
to a stressed channel region of the semiconductor transistor
device structure.

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the detailed description. This summary 1s not intended to
identily key features or essential features of the claimed sub-

50 ject matter, nor 1s it intended to be used as an aid 1n determin-
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ing the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the subject matter may
be dernived by referring to the detailed description and claims
when considered 1n conjunction with the following figures,
wherein like reference numbers refer to similar elements
throughout the figures.

FIGS. 1-6 are cross-sectional views that 1llustrate the fab-
rication of a semiconductor device substrate;

FIG. 7 1s a diagram that represents the lattice constant
corresponding to two different regions of semiconductor
material;

FIG. 8 1s a diagram that represents the lattice constants
corresponding to three different regions ol semiconductor
material; and
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FIG. 9 1s a simplified cross-sectional view of a semicon-
ductor transistor device structure formed on a semiconductor
device substrate.

DETAILED DESCRIPTION

The following detailed description 1s merely 1llustrative in
nature and 1s not itended to limit the embodiments of the
subject matter or the application and uses of such embodi-
ments. As used herein, the word “exemplary” means “serving,
as an example, instance, or illustration.” Any implementation
described herein as exemplary 1s not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions. Furthermore, there 1s no intention to be bound by any
expressed or implied theory presented in the preceding tech-
nical field, background, brief summary or the following
detailed description.

In addition, certain terminology may also be used 1n the
tollowing description for the purpose of reference only, and
thus are not intended to be limiting. For example, terms such
as “upper,” “lower,” “above,” and “below” refer to directions
in the drawings to which reference 1s made. Terms such as
“front,” “back,” “rear,” ‘“‘side.,’ “‘outboard,” and “inboard”
describe the orientation and/or location of portions of the
component within a consistent but arbitrary frame of refer-
ence which 1s made clear by reference to the text and the
associated drawings describing the component under discus-
sion. Such terminology may include the words specifically
mentioned above, derivatives thereol, and words of similar
import. Similarly, the terms “first,” “second,” and other such
numerical terms referring to structures do not imply a
sequence or order unless clearly indicated by the context.

For the sake of brevity, conventional techmques related to
semiconductor device fabrication may not be described 1n
detail herein. Moreover, the various tasks and process steps
described herein may be incorporated imto a more compre-
hensive procedure or process having additional steps or func-
tionality not described in detail herein. In particular, various
steps 1n the manufacture of semiconductor based transistors
are well known and so, 1n the interest of brevity, many con-
ventional steps will only be mentioned briefly herein or will
be omitted entirely without providing the well known process
details.

The techniques and technologies described herein may be
utilized to fabricate a substrate or wafer for semiconductor
devices such as one or more transistor devices, typically,
metal-oxide-semiconductor (MOS) ftransistor devices.
Although the term “MOS device” properly refers to a device
having a metal gate electrode and an oxide gate insulator, that
term will be used throughout to refer to any semiconductor
device that includes a conductive gate electrode (whether
metal or other conductive material) that 1s positioned over a
gate msulator (whether oxide or other insulator) which, 1n
turn, 1s positioned over a semiconductor substrate.

The subject matter presented here relates to the fabrication
and use of a new type of semiconductor device substrate or
waler. This new semiconductor device substrate includes an
upper layer of epitaxially grown semiconductor material,
such as silicon. Some of the epitaxial silicon grows from an
underlying layer of pure silicon, which may represent bulk
silicon or a silicon-on-insulator layer. A different portion of
the epitaxial silicon grows from an underlying region of
stress-inducing semiconductor material, such as silicon ger-
manium. The epitaxial silicon nucleated from the silicon ger-
manium has a lattice constant that 1s different than the lattice
constant of the “normal” silicon. Consequently, the epitaxial
s1licon grown on the silicon germanium represents a stressed
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zone or region of the upper layer of silicon. This stressed zone
can thereafter be used as the channel region for a semicon-
ductor transistor device that 1s fabricated from the semicon-
ductor device substrate.

FIGS. 1-6 are cross-sectional views that 1llustrate the fab-
rication of a semiconductor device substrate 100, which 1s
suitable for the manufacture of semiconductor transistor
devices and other semiconductor devices as so desired. As
depicted 1n FIG. 1, the substrate 100 includes a layer of
semiconductor material 102. The semiconductor material
102 1s preferably a silicon material as typically used in the
semiconductor industry, e.g., relatively pure silicon. Alterna-
tively, the semiconductor material 102 can be germanium,
gallium arsenide, or the like. The semiconductor material 102
can be either n-type or p-type, but 1s typically lightly doped
p-type. Moreover, the semiconductor material 102 may be
part ol a bulk semiconductor wafer, or it may be realized as a
thin layer of semiconductor material on an nsulating sub-
strate (commonly known as semiconductor-on-insulator, sili-
con-on-nsulator, or SOI) that, 1n turn, 1s supported by a
carrier waler. The semiconductor material 102 has a particu-
lar lattice constant associated therewith, as 1s well understood
by those of ordinary skill in the art.

Processing of the substrate 100 continues by creating a
patterned mask 104 overlying the layer of semiconductor
material 102 (see FIG. 2). The patterned mask 104 may be
tformed using well known process steps associated with mate-
rial deposition, photolithography, etching, etc. Depending
upon the particular embodiment, the patterned mask 104
could be realized as a hard mask, as a photoresist mask, or the
like. The patterned mask 104 includes features 106 that pro-
tect certain portions of the underlying layer of semiconductor
material 102, and an opening 108 that exposes some of the
layer of semiconductor material 102. As will become appar-
ent from the following description, the features 106 and the
opening 108 correspond to a channel cavity and a channel
region of a semiconductor transistor device (see FIG. 9). In
practice, the substrate 100 may be used to create a very large
number of transistor devices and, therefore, the patterned
mask 104 could include many features and openings (as
needed) associated with the desired layout of transistor
devices. Moreover, the patterned mask 104 could be utilized
to define or otherwise provide alignment marks and/or other
reference indicators that can be used to align other masks
(etch masks, 1on implantation masks, protective masks, etc.)
used during subsequent process steps.

Next, the layer of semiconductor material 102 1s selectively
ctched, using the patterned mask 104 as an etch mask. FIG. 3
depicts the state of the substrate 100 aiter completion of the
etching step, which forms a channel cavity 112 in the layer of
semiconductor material 102, and after the patterned mask 104
has been removed. As shown 1n FI1G. 3, a portion of the layer
ol semiconductor material 102 1s removed by etching to cre-
ate the channel cavity 112. This etching process (which may
be, for example, a reactive 10n etching process) 1s controlled
in a suitable manner to etch the layer of semiconductor mate-
rial 102 by the desired amount. For example, the channel
cavity 112 can be etched such that 1t has a depth within the
range of about 10 nm to about 50 nm, although different
depths can be utilized depending upon the embodiment. Ide-
ally, the resulting channel cavity 112 will have a rectangular
profile and vertical sidewalls as depicted 1n FIG. 3. In prac-
tice, however, the channel cavity 112 need not have vertical or
straight sidewalls. For example, the channel cavity 112 could
be formed with tapered (angled) sidewalls.

Although other fabrication steps or sub-processes may be
performed after the formation of the channel cavity 112, this
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example continues by filling the channel cavity 112 with a
stress-inducing semiconductor material 118 (see FIG. 4). For
this embodiment, the stress-inducing semiconductor material
118 1s formed by epitaxial growth. In this regard, the stress-
inducing semiconductor material 118 1s epitaxially grown on
the exposed surfaces of the semiconductor material 102.
Referring back to FIG. 3, the stress-inducing semiconductor
material 118 grows from the upper surface 120 of the semi-
conductor material 102 (which flanks the channel cavity 112),
and from the surface 122 of the semiconductor material 102
that defines the bottom surface of the channel cavity 112.
Accordingly, this epitaxial growth step results in overburden
material 126 nucleated from the upper surface 120 of the
semiconductor material 102. Although not required, the
stress-inducing semiconductor material 118 could be formed
by epitaxially growing an in situ doped material. As used
here, “in situ doped” means that a suitable dopant 1s 1ntro-
duced 1nto a host material as that host material 1s grown.
Epitaxially grown 1n situ doped material could be utilized
here such that the material need not be subjected to subse-
quent 1on 1implantation for purposes of doping.

The stress-inducing semiconductor material 118 has a dit-
ferent composition than the semiconductor material 102.
More specifically, the lattice constant of the stress-inducing
semiconductor material 118 1s different than the lattice con-
stant of the neighboring semiconductor material 102. The
difference 1n lattice constants contributes to the stress-induc-
ing characteristics of the stress-inducing semiconductor
material 118. For an n-type metal-oxide-semiconductor
(NMOS) transistor device, the lattice constant of the stress-
inducing semiconductor material 118 will be larger than the
lattice constant of the semiconductor material 102. Accord-
ingly, the stress-inducing semiconductor material 118 for an
NMOS transistor device 1s a tensile material. In preferred
embodiments, the stress-inducing semiconductor material
118 for an NMOS transistor device 1s silicon germanium. In
contrast, for a p-type metal-oxide-semiconductor (PMOS)
transistor device, the lattice constant of the stress-inducing,
semiconductor material 118 will be smaller than the lattice
constant of the semiconductor material 102. Accordingly, the
stress-inducing semiconductor material 118 for a PMOS tran-
s1stor device 1s a compressive material. In preferred embodi-
ments, the stress-inducing semiconductor material 118 for a
PMOS transistor device 1s silicon carbon.

Although other fabrication steps or sub-processes may be
performed after the formation of the stress-inducing semicon-
ductor material 118, this example continues by removing the
overburden material 126 from the upper surface 120 of the
semiconductor material 102 (see FIG. 5). Removal of the
overburden material 126 may involve one or more conven-
tional process steps and/or processing tools. For example,
chemical mechanical polishing and/or other planarizing tech-
niques can be performed to remove the overburden material
126 and to create a smooth, planar, continuous, and substan-
tially defect-free exposed upper surface of the substrate 100,
as depicted in FIG. 5. The mtermediate state of the substrate
100 shown 1n FIG. 5 has an upper surface that corresponds to
an exposed portion 130 of the semiconductor material 102
and an exposed portion 134 of the stress-inducing semicon-
ductor material 118. At this intermediate state of the substrate
100, the stress-inducing semiconductor material 118 repre-
sents a region of stressed material located 1n the layer of
semiconductor material 102.

The fabrication process may continue by epitaxially grow-
ing a semiconductor material 140 overlying the upper surface
of the intermediate-state substrate 100 (see FIG. 6). In this
regard, the semiconductor material 140 epitaxially grows
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6

from the exposed portion 130 of the semiconductor material
102 and from the exposed portion 134 of the stress-inducing,
semiconductor material 118. This epitaxial growth process 1s
performed and controlled 1n a suitable manner to form a
stressed zone 144 overlying the stress-inducing semiconduc-
tor material 118, and to form nominal zones 148 overlying the
layer of semiconductor material 102. Notably, the stressed
zone 144 and the nominal zones 148 will have different lattice
constants even though their basic material composition 1s the
same (the stressed zone 144 and the nominal zones 148 are
formed from the same semiconductor material 140). In par-
ticular, the stressed zone 144 will have a lattice constant that
1s different than the lattice constant of the semiconductor
material 102. In certain embodiments, the lattice constant of
the stressed zone 144 will also be different than the lattice
constant of the stress-inducing semiconductor material 118.
Foran NMOS transistor, the semiconductor material 102 will
have a nominal lattice constant, the stress-inducing semicon-
ductor material 118 will have a lattice constant that 1s larger
than the nominal lattice constant, and the stressed zone 144
will have a lattice constant that 1s between the nominal lattice
constant and the lattice constant of the stress-inducing semi-
conductor material 118. For a PMOS transistor, the semicon-
ductor material 102 will have a nominal lattice constant, the
stress-inducing semiconductor material 118 will have a lat-
tice constant that 1s smaller than the nominal lattice constant,
and the stressed zone 144 will have a lattice constant that 1s
between the nominal lattice constant and the lattice constant
of the stress-inducing semiconductor material 118.

For this particular embodiment, the epitaxially grown
semiconductor material 140 has the same composition as the
layer of semiconductor material 102 (typically, the semicon-
ductor material 140 will be silicon). Consequently, the lattice
constant associated with the nominal zones 148 1s the same as
the lattice constant of the semiconductor material 102.
Although not always required, the semiconductor material
140 1s preferably formed by epitaxially growing an in situ
doped material. The use of 1n situ doped material 1s desirable
to facilitate efficient and simplified front end processing of
semiconductor transistor devices. In this regard, the growth of
the semiconductor material 140 can be controlled to provide
very good surface quality, to provide the desired doping con-
centration, to provide the desired doping profile, etc.
Although not always required, the semiconductor material
140 will typically be formed as a lightly doped p-type silicon
material.

Epitaxial growth of the semiconductor material 140 1s an
important aspect of this approach. As 1s well understood by
those familiar with semiconductor device fabrication, epi-
taxial growth 1s intfluenced by the crystal lattice structure of
the underlying “nucleating” material. Referring to FI1G. 5 and
FIG. 6, the semiconductor material 102 represents the nucle-
ating material for the nominal zones 148 of the semiconduc-
tor material 140. In contrast, the stress-inducing semiconduc-
tor material 118 represents the nucleating material for the
stressed zone 144 of the semiconductor material 140. Conse-
quently, the nominal zones 148 grown on the semiconductor
material 102 retain the lattice constant and the lattice struc-
ture of the underlying semiconductor material 102. This rela-
tionship 1s schematically illustrated in FIG. 7, which 1s a
diagram that depicts the lattice constant of the semiconductor
material 102 and an overlying nominal zone 148. The dashed
line represents the “boundary” between the two semiconduc-
tor regions. The spacing of the dots 1n FIG. 7 1s indicative of
the lattice constant of the semiconductor material. Notably,
the lattice constant 1s the same for the semiconductor material
102 and the overlying nominal zone 148.
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Notably, the stressed zone 144 nucleated from the stress-
inducing semiconductor material 118 will exhibit a modified
or transitional lattice constant relative to the stress-inducing
semiconductor material 118 and relative to the semiconductor
material 102. This phenomena 1s schematically illustrated in
FIG. 8, which 1s a diagram that depicts the lattice constants of
the semiconductor material 102, the stress-inducing semicon-
ductor material 118, and the stressed zone 144 (for an NMOS
implementation). The dashed lines represent the “bound-
aries” between the three semiconductor regions. The spacing
of the dots 1n FIG. 8 1s indicative of the lattice constants of the
respective regions of semiconductor material. In contrast to
that shown 1n FIG. 7, the lattice constant of the stress-induc-
ing semiconductor material 118 1s larger than the lattice con-
stant of the underlying semiconductor material 102. More-
over, the lattice constant of the stressed zone 144 1s smaller
than the lattice constant of the stress-inducing semiconductor
material 118. In practice, however, the lattice constant of the
stressed zone 144 will not match the lattice constant of the
semiconductor material 102 and the nominal zones 148.
Accordingly, the stressed zone 144 will exhibit some strain
relative to the surrounding nominal zones 148.

Other than the difference 1n lattice constants, the compo-
sition, properties, and characteristics of the layer of epitaxi-
ally grown semiconductor material 140 will remain consis-
tent across the nominal zones 148 and the stressed zone 144.
More specifically, the doping concentration and profile, the
clectrical properties, the etching characteristics, the 1on
implantation characteristics, and the chemical properties will
be consistent throughout the layer of semiconductor material
140.

FIG. 6 depicts the semiconductor device substrate 100 in
its final form, which 1s ready for front end processing to create
one or more semiconductor transistor devices thereon. This
type of substrate 100 could be produced by a fabrication
tacility or vendor on behalf of a semiconductor device manu-
facturer. Alternatively, a device manufacturer could have the
facilities available to create the substrate 100 and then con-
tinue with the front end processing as needed. As mentioned
above, fabrication of the substrate 100 will require a priori
knowledge of the intended transistor device layout, because
the stressed zone 144 formed 1n the layer of semiconductor
material 140 will be used as a channel region of a transistor.
Accordingly, the finished substrate 100 might be provided
with alignment marks and/or other reference indicators that
can be used to align masks (etch masks, 10n implantation
masks, protective masks, etc.) used during subsequent pro-
cess steps.

FIG. 9 1s a simplified cross-sectional view of a semicon-
ductor transistor device structure 200 formed on the semicon-
ductor device substrate 100. The transistor device structure
200 1s formed on the semiconductor device substrate 100
using one or more conventional front end process modules.
For this example, the transistor device structure 200 includes
a gate structure 202 (depicted 1n a simplified manner) over-
lying the semiconductor material 140. Notably, the gate struc-
ture 202 1s laterally aligned with the stressed zone 144 of the
epitaxially grown semiconductor material 140. In practice,
mask alignment techniques can be implemented during the
tabrication of the substrate and the transistor device structure
200 to ensure that the gate structure 202 1s properly aligned
relative to the stressed zone 144. For example, 1t may be
desirable to align the center of the gate structure 202 with the
center of the stressed zone 144. Alternatively (or addition-
ally), it may be desirable to align the sidewalls of the conduc-
tive gate electrode or the edges of sidewall spacers relative to
the outer edges of the stressed zone 144. Consequently, the
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stressed zone 144 corresponds to, and serves as, a stressed
channel region of the transistor device structure 200. In accor-
dance with well known principles and fabrication techniques,
the transistor device structure 200 also includes source and
drain regions 210 in the nominal zones 148 of the semicon-
ductor material 140.

Thereafter, any number of known process steps can be
performed to complete the fabrication of the semiconductor
transistor device structure 200. For the sake of brevity, these
process steps and the resulting transistor device are not shown
or described here. A MOS transistor device can be manufac-
tured 1 the manner described here with a “pre-formed”
stressed channel region, without having to carry out addi-
tional process steps that might normally be associated with
conventional processes.

While at least one exemplary embodiment has been pre-
sented 1n the foregoing detailed description, it should be
appreciated that a vast number of vanations exist. It should
also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limit the
scope, applicability, or configuration of the claimed subject
matter 1n any way. Rather, the foregoing detailed description
will provide those skilled 1n the art with a convement road
map for implementing the described embodiment or embodi-
ments. It should be understood that various changes can be
made 1n the function and arrangement of elements without
departing from the scope defined by the claims, which
includes known equivalents and foreseeable equivalents at
the time of filing this patent application.

What 1s claimed 1s:

1. A method of fabricating a semiconductor device sub-
strate, the method comprising:

forming a channel cavity 1n a layer of first semiconductor

material having a first lattice constant;

filling the channel cavity with a second semiconductor

material having a second lattice constant that 1s different
than the first lattice constant;

obtaining an intermediate-state substrate having an upper

surface, the upper surface corresponding to an exposed
portion of the first semiconductor material and an
exposed portion of the second semiconductor material;
and

epitaxially growing a third semiconductor material on the

first semiconductor material and on the second semicon-
ductor material, with the third semiconductor material
overlying the upper surface of the intermediate-state
substrate, wherein epitaxial growth of the third semicon-
ductor material forms a stressed zone overlying the sec-
ond semiconductor material, the stressed zone having a
third lattice constant that 1s different than the first lattice
constant.

2. The method of claim 1, wherein the third lattice constant
1s between the first lattice constant and the second lattice
constant.

3. The method of claim 1, wherein:

the first semiconductor material 1s silicon;

the second semiconductor material 1s silicon germanium or

silicon carbon; and

the third semiconductor material 1s silicon.

4. The method of claim 1, wherein epitaxially growing the
third semiconductor material on the first semiconductor
material and on the second semiconductor material forms the
stressed zone overlying the second semiconductor material
and a nominal zone overlying the first semiconductor mate-
rial, the stressed zone having the third lattice constant and the
nominal zone having the first lattice constant.
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5. The method of claim 1, wherein filling the channel cavity
comprises epitaxially growing the second semiconductor
material from a surface of the first semiconductor material
that defines a bottom surface of the channel cavity.

6. The method of claim 5, wherein: 5

epitaxially growing the second semiconductor material
results 1n overburden material grown on an upper surface
of the first semiconductor material that flanks the chan-
nel cavity; and

obtaimning the intermediate-state substrate comprises 10
removing the overburden material from the upper sur-
face of the first semiconductor material.

7. The method of claim 6, wherein removing the overbur-
den material from the upper surface of the first semiconductor
materal involves chemical mechanical polishing. 15

8. The method of claim 1, wherein epitaxially growing the
third semiconductor material comprises:

epitaxially growing the third semiconductor material from
the exposed portion of the first semiconductor matenal;
and 20

epitaxially growing the third semiconductor material from
the exposed portion of the second semiconductor mate-
rial.

9. The method of claim 1, wherein forming the channel
cavity comprises: 25
creating a patterned mask overlying the layer of first semi-
conductor material, the patterned mask comprising fea-

tures corresponding to the channel cavity; and

etching the layer of first semiconductor material, using the
patterned mask as an etch mask to define the channel 30
cavity.

10. A semiconductor device substrate comprising;

a layer of first semiconductor material having a first lattice
constant;

a region ol second semiconductor material located in the 35
layer of first semiconductor material, the second semi-
conductor material having a second lattice constant that
1s different than the first lattice constant; and

a layer of epitaxially grown third semiconductor material
overlying the layer of first semiconductor material and 40
overlying the region of second semiconductor material,
the layer of epitaxially grown third semiconductor mate-
rial comprising a stressed zone overlying the region of
second semiconductor material, the stressed zone hav-
ing a third lattice constant that 1s different than the first 45
lattice constant.

11. The semiconductor device substrate of claim 10,
wherein the layer of epitaxially grown third semiconductor
material comprises a nominal zone overlying the layer of first
semiconductor material, the nominal zone having the first 50
lattice constant.

12. The semiconductor device substrate of claam 10,
wherein the third lattice constant 1s different than the second
lattice constant.

13. The semiconductor device substrate of claam 10, 55
wherein:
the layer of first semiconductor material comprises silicon;
the region of second semiconductor material comprises

silicon germanium; and

the layer of epitaxially grown third semiconductor material 60
comprises silicon.

14. The semiconductor device substrate of claim 10,

wherein:

the layer of first semiconductor material comprises silicon;

the region of second semiconductor material comprises 65
silicon carbon; and
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the layer of epitaxially grown third semiconductor material

comprises silicon.

15. The semiconductor device substrate of claim 10,
wherein the region of second semiconductor material com-
prises an epitaxially grown material that 1s grown on the first
semiconductor material.

16. The semiconductor device substrate of claim 10,
wherein the stressed zone of the layer of epitaxially grown
third semiconductor material 1s grown on the second semi-
conductor material.

17. A method of fabricating a semiconductor device struc-
ture, the method comprising:

fabricating a semiconductor device substrate comprising a

layer of first semiconductor material, a region of second
semiconductor material located 1n the layer of first semi-
conductor material, a stressed zone of epitaxially grown
third semiconductor material overlying the region of
second semiconductor material, and nominal zones of
the epitaxially grown third semiconductor material over-
lying the first semiconductor material; and

forming a semiconductor transistor device structure on the

semiconductor device substrate, the semiconductor
transistor device structure comprising a gate structure
aligned with the stressed zone of epitaxially grown third
semiconductor material, such that the stressed zone of
epitaxially grown third semiconductor material corre-
sponds to a stressed channel region of the semiconductor
transistor device structure.

18. The method of claim 17, wherein:

the semiconductor transistor device structure 1s an n-type

metal-oxide-semiconductor (INMOS) transistor device
structure;

the first semiconductor material 1s silicon having a first

lattice constant;

the second semiconductor material 1s silicon germanium

having a second lattice constant that i1s larger than the
first lattice constant; and

the stressed zone 1s formed from epitaxially grown silicon

having a third lattice constant that 1s larger than the first
lattice constant.

19. The method of claim 17, wherein forming the semicon-
ductor transistor device structure comprises forming source
and drain regions in the nominal zones of the epitaxially
grown third semiconductor material.

20. The method of claim 17, wherein fabricating the semi-
conductor device substrate comprises:

forming a channel cavity in the layer of first semiconductor

material;

epitaxially growing the second semiconductor material

from the first semiconductor material to {ill the channel
cavity;

obtaining an intermediate-state substrate having an upper

surface, the upper surface corresponding to an exposed
portion of the first semiconductor material and an
exposed portion of the second semiconductor material;
and

epitaxially growing the third semiconductor material from

the exposed portion of the first semiconductor material
to obtain the nominal zones of the epitaxially grown
third semiconductor material, and from the exposed por-
tion of the second semiconductor material to obtain the
stressed zone of epitaxially grown third semiconductor
material.
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